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@ Hemoglobin-containing liposomes and process for preparing the i 

There are provided hemoglobin-containing liposomes 
encapsulating within liposomes having membranes com- 
prising a lipid material hemoglobin and a methemogiobin 
formation-inhibiting agent 

The liposomes are used as artificial blood with high 
oxygen-carrying capacity. As the lipid material of the lipo- 
somes are used phospholipid materials such as, for example, 
lecithin, phosphattdylethanolamlne, phosphatidic acid, 
sphingomyelin and hydrogenation products thereof. As the 
methemogiobin formation-inhibiting agent are used salts of 
ascorbic add, glutathion and the like. 

The liposomes are prepared by dissolving a liposome 
membrane-forming lipid material and a surface-active agent, 
removing the solvent from said solution, adding to the 
residue a hemoglobin solution to which a methemogiobin 
formation-inhibiting agent has beer: added and subjecting 
the starting solution thus obtained to dialysis with a 
physiological saline solution containing the same methe- 
mogiobin formation-inhibiting agent to remove the surface- 
active agent from the starting solution. 
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Title of the Invention 

Hemoglobin-containing liposomes and process for 
preparing the same. 

Background of the Invention 
5 Field of the Invention 

The present invention relates to liposomes which 
contain hemoglobin and a process for preparing the same. 

The liposomes of the invention are useful as artifi- 
cial blood of a high oxygen-carrying capacity. 

10 Description of the^ Prior Art 

It is known that hemoglobin-containing liposomes 
are prepared by a so-called thin- film process. The 
hemoglobin-containing liposomes have been prepared by dis - 
solving a liposome-forming lipid material in an appropriate 

15 organic solvent such as chloroform ^ removing the solvent 
from the resulting solution by distillation to form thin 
film of the lipid material, adding a hemoglobin solution 
to the thin film, vigorously stirring the mixture to 
form multilayer liposomes and subjecting the same to 

20 ultrasonic treatment (U. S. Patent No. 4,133,874). Such 
preparative method has an advantage in that there is 
associated with relatively little degeneration of the 
hemoglobin because of a shorter period of contact time 
of the hemoglobin with oxygen. On the other hand. 
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however r it is not suitable for the production of a large 
amount of the hemoglobin due to low yield and difficulty 
in constructing equipment for a large-scale production. 

We have investigated on preparing hemoglobin- 
containing liposomes using the dialysis process which 
is a process suitable for production on a large scale. 
As the dialysis process needs only simple manufacturing 
equipment and can be operated by a continuous method, 
it is suitable for the manufacturing on a large scale. 
On the other hand, however, it requires a longer period 
of operation time thereby increasing contact of the 
hemoglobin with oxygen. Accordingly, there is higher 
possibility for the heme iron in hemoglobin to be oxidized 
to produce methemoglobin thereby losing the oxygen- 
carrying capacity. 

In the blood cell, even if hemoglobin is converted 
to the met form by an oxidation, it is reducible to the 
original form by the action of enzyme. However, conver- 
sion of hemoglobin to the met form outside the blood 
cell after hemolysis is necessarily associated with loss 
of the oxygen-carrying capacity. 

Objects of the Invention 

It is an object of the invention to provide 
hemoglobin-containing liposomes in which oxidation of 
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the hemoglobin is inhibited. 

It is a further object of the invention to provide 
a process for preparing the above-mentioned henioglobin- 
containing liposome which is suitable for the production 
on a large scale. 

Detailed Descripti on of the Invention 



The present invention comprises liposomes which 
encapsulate hemoglobin and a methemoglobin formation- 
inhibiting agent and have a membrane composed of a lipid 
material. The liposome is defined as closed vehicles 
having a membrane principally composed of a lipid mate- 
rial. 

The membrane has a bimolecular film structure and 
has an average thickness of 50 angstron. 

Any lipid substances may be used in the invention 
for forming the membrane of liposomes so far as they 
can form liposomes. Both natural and synthetic lipid 
may be employed. Particularly preferable is phospholipid. 
As examples of the phospholipid are mentioned lecithin, 
phosphatidylethanolamine, phosphatidic acid, phos- 
phatidylserin, phosphatidylinositol, phosphatidylglycerol , 
sphingomyelin, cardiolipin and products therefrom by 
hydrogenation according to a conventional method. 
Combination of them may be used. 
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As the hemoglobin , thexe may be employed one obtain- 
ed from red blood cells by hemolysis according to conven- 
tional methods* 

Although there is no specific limitation in the 
methemoglobin formation-inhibiting agents, they must be 
non-toxic due to their use as artificial blood. Preferably 
employed ar e salts of ascorbic acid, glutathion an d the li ke 
Suitable salts of ascorbic acid include the salts with an 
alkali metal such as lithium, potassium, sodium or the like. 
Concentration of the hemoglobin contained in the liposomes 
is not critical, but is usually in the range from 5 to 45% 
by weight. The methemoglobin formation-inhibiting agent 
is used in an amount necessary for inhibiting hemoglobin 
oxidation which is generally in the range from 2 to 10 
times the molar amount of hemoglobin charged, although it 
depends upon the nature of the agent. It is suitable that 
diameter of the liposomes is in the range approximately 
from 0-1 to 1.0 pm. 

The liposomes of the invention are prepared by 
dissolving a liposome membrane- forming lipid material and 
a surface active agent in an organic solvent, removing 
the solvent from the resulting solution, adding to the 
residue a solution of hemoglobin to which a methemoglobin 
formation- inhibiting agent has been added and subject- 
ing the resulting starting solution to dialysis with 
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physiological saline solution containing the same 
methemoglobin formation-inhibiting agent to remove the 
surface active agent. 

The process for preparing the liposomes according 
to the present invention is carried out by so-called 
dialysis method which is known ger se. As the liposome 
membrane-forming lipid material are used those which 



are described above. The surface-active agent should 
carefully be selected so as not to degenerate the hemo- 
globin. As examples of preferred surface-active agents 
are mentioned salts of cholic acid, e.g.-, sodium chelate 
and sodium deoxy chelate, block-copolymers of polyoxy- 
ethylene and polyoxypropylene , e.g., Pluronic F68 (product 
of Asahi Electro-Chemical Co., Ltd.), polyethyleneglycol 
p-octylphenyl ether, e.g., Triton X-100 (product of 
Eastman Kodack Co.) and the like. 

In order to strengthen the membrane structure or 
to adjust the disintegration time, such substances as 
sterol, electric charge donor and the like may be employed, 
if desired, as constituents of the liposome membrane. As 
examples of the sterol are mentioned cholesterol, which 
is arranged so as to fill a gap of other constituents 
and has a function of stabilizing liposomes. As exam- 
ples of the electric charge donor are mentioned electric 
charge substances of fatty acids having 14 or more carbon 
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atoms, for example, stearic acid, oleic acid, linolic 
acid, linolenic acid and the like. 

The organic solvent for dissolving the constituents 
of the liposome membrcuie is usually chloroform or 
5 ethanol, but is not limited thereto. The .organic sol- 
vent is removed from the solution of the liposome- 
membrane constituents by a conventional method as dis- 
tillation, a physiological saline solution of hemoglobin 
to which a methemoglobin formation-inhibiting agent has 

10 been added is added to the residue, and the mixture is 
desirably subjected to such a treatment as ultrasonic 
treatment to form a homogeneous system. The starting 
solution thus obtained is subjected to dialysis accord- 
ing to a conventional method. As the dialysis solution 

15 is used a physiological saline solution to which the 

above-mentioned methemoglobin formation-inhibiting agent 
has been added. The surface-active agent is removed 
from the starting solution by the dialysis to produce 
liposomes in which the hemoglobin and the methemoglobin 

20 formation-inhibing agent is incorporated. The liposomes 
thus obtained are of a uniform size adjusted to a dia- 
meter in the range from 0.1 to 1.0 ym depending upon 
the rate of dialysis. The dialytic process may be 
carried out either batchwise in a flat membrane cell 

25 with a dialytic membrane in which the starting solution 
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is placed or continuously by means of external circula- 
tion using a hollow module. 

The hemoglobin-containing liposomes of the inven- 
tion are used as artificial blood in the same way as with 
the known ones; a suspension of the liposomes of the 
invention in physiological saline solution or substitute 
plasma is used as artificial blood. The liposome of 



the invention may be lyophilized for storage and dis- 
persed before use in a physioligical saline solution or 
substitute plasma. 

The invention will be described in more details 
with reference to the following Examples and Test Examples. 

Example 1. 

in a mixed solvent composed of chloroform and methyl 
alcohol are dissolved 1.211 g. of eggyolk lecithin, 
0.273 g. of cholesterol and 2.156 g. of sodium chelate 
(surface active agent) . Then, the solvent is removed 
from said solution on an evaporator. To the residue is 
added 60 mil. of hemolyzed hemoglobin (concentration 
14.4 g/dii.) to which 0.03 g. of sodium ascorbate has 
been added, and the mixture is subjected to ultrasonic 
treatment (135 watts, 20 min.) to give a uniform system. 
The resulting starting solution is placed in a flat 
membrane cell covered in the opening with dialytic 
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menO^rane. The flat membrane cell is placed in a vessel 
equipped with stirrer blades^ which is filled with a 
dialysis solution. A dialysis is conducted under stirring, 
while stirring the starting solution with a rotor and 
a stirrer. As the dialysis solution is used a physio- 
logical saline solution to which sodium ascorbate has 
been added (□•05% w/v) . The dialysis is carried out at 
room temperature (25 - 28 °C.) for 22 hours to remove the 
sodium chelate thereby producing liposomes containing 
hemoglobin and sodium ascorbate. 

Measurement was made of the hemoglobin-containing 
liposomes for concentration of methemoglobin therein 
(immediately after prepared) to find that it was 0.9%. 
On the contrary, concentration of methemoglobin in the 
hemoglobin- containing liposomes prepared in the same way 
as in Example 1 except that no methemoglobin foannation- 
inhibiting agent was employed (control liposomes) was 
40 - 50%. Furthermore, concentrations (%) of methemo- 
globin in the liposomes kept at 4*C. for 1 4 weeks 
are shown in Table 1 both for the liposomes of Example 1 
and the control liposomes. The methemoglobin concentra- 
tion was measured by means of a CO oxymeter (manufac- 
tured by Instrumentation Laboratory) . 
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Table 1. 

/ 

Methemoglobin concentration (%) 

Saqple After 1 After 2 ^ks. After 3 \9ks. After 4 v^s, 

liiposcnes 

1.0 1.0 2.1 2.1 

of Exanple 1 



CSontxol 

60 - 70 70 70 - 80 80 - 90 

liposGnes 



Example 2. ^ 

In a mixed solvent composed of chloroform and methyl 
alcohol are dissolved 3.0275 g. of eggyolk lecithin, 
0.6825 g. of cholesterol and 5.389 g. of sodium chelate. 
5 Then, the solvent is removed from said solution on an 

evaporator. To the residue is added 130 mJt. of hemolyzed 
hemoglobin (concentration 14.4 g./6!L.) to which 0.065 g. 
of sodium ascorbate has been added. The mixture, is 
subjected to ultrasonic treatment (135 watts, 20 min.) 

10 to produce a uniform system. Dialysis is made of the 

starting solution thus obtained by an external circula- 
tion dialysis process by means of a hollow module, while 
stirring the starting solution by a rotor and a stirrer. 
As the dialysis solution is employed a physiological 

15 saline solution to which sodium ascorbate has been added 
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(0.05% w/v). The dialysis is carried out at room tem- 
perature (25 - 28-0 for 8 hours to remove the sodium 
cholate. There are produced liposomes containing hemo- 
globin and sodium ascorbate. 

The liposomes of the present invention comprise 
hemoglobin-containing liposomes which comprise liposomes 
with a membrane consisting of a lipid material in vhich 
hemoglobin ana a metnemoglobxn formation-inhibiting 
agent are incorporated. They have excellent oxygen- 
carrying capacity because of protection of the hemo- 
globin from oxidation. In general, hemoglobin-containing 
liposomes are contacted with oxygen during preparation 
or storage of the product to result in the oxidation 
to methemoglobin, thereby reducing or losing the oxygen- 
carrying capacity. On the contrary, the oxidation of 
hemoglobin is inhibited in the liposomes of the inven- 
tion in which a methemoglobin formation-inhibiting agent 
is co-existing so that they are of excellent properties 
as artificial blood. 

In addition, the process for preparing hemoglobin- 
containing liposomes according to the invention, in 
which the liposomes are formed by dialysis, needs simple 
manufacturing equipment and is suitable for the produc- 
tion on a large scale. 

Furthermore, there are obtained liposomes more 
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uniform in size by the process according to the inven- 
tion than by the thin film process. Variation in size of 
liposomes causes disadvantages when used as artificial 
red blood cell; the presence of liposomes with too large 
sizes will obstruct blood vessels to cause thrombosis, 
whereas liposomes of too small sizes will pass through the 
wall of blood vessels. Therefore, there are provided 
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liposomes suitable for artificial red blood cell by the. 
process of the invention. 

Moreover, as the dialysis is made in the presence 
of a methemoglobin formation-inhibiting agent, the 
oxidation to the met form during the preparative process 
is also inhibited. 
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What we claim is: 

1. Hemoglobin-con-taining liposomes which have membranes 
comprising a lipid material and encapsulate hemoglobin 
and a methemoglobin formation- inhibiting agent therein. 

Liposomes according to Claim 1 wherein the lipid 

material is a phospholipid material selected from lecithin, 
phosphatidylethanolamine, phosphatidic acid, phosphatidyl- 
serin , phosphatidylinositol , phosphatidy Iglycerol , 
sphingomyelin, cardiolipin and hydrogenation products 
thereof. 

3, Liposomes according to Claim 1 or 2 wherein the 
methemoglobin formation-inhibiting agent is a salt of 
ascorbic acid or glutathione 

4. Liposomes according to Claims 1-3 wherein con- 
centration of the hemoglobin contained in the liposomes 
is in the range from 5 to 45% (w/w) and an amount of 
the methemoglobin formation-inhibiting agent used is in 
the range from 2 to 10 times the molar amount of the 
hemoglobin* 
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5- Process for preparing hemoglobin-containing lipo- 
somes which comprises dissolving a liposome membrane- 
forming lipid material and a surface-active agent in an 
organic solvent, removing the solvent from said solution, 
adding to the residue a physiological saline solution of 
hemoglobin to which a methemoglobin formation-inhibiting 
agent has been added and subjecting the star ting s nlution 



thus obtained to dialysib with a physiological saline 
solution containing the same methemoglobin formation- 
inhibiting agent to remove the surface-active agent from 
the starting solution, thereby encapsulating the hemo- 
globin and the methemoglobin formation-inhibiting agent 
in the liposomes with membranes comprising the lipid 
material. 



6. Process for preparing liposomes according to Claim 
5 wherein the surface-active agent is a salt of cholic 
acid. 



